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Introduction
During the heavy ion collisions induced by stable or radioactive nuclei with different neutron to proton ratios, thermal and compressed nuclear states with different isospin asymmetries can be created. The properties of these nuclear states and their subsequent fragmentation products depend sensitively on the neutron to proton ratio of the colliding system, the symmetry potential, and the isospin dependence of in-medium nucleon-nucleon (N-N) cross section. Thus, the information on the equation of state (EOS) of isospin asymmetric nuclear matter can be extracted by making a comparison between theoretical calculations and experiment data [1] [2] [3] [4] [5] in a wide domain of isospin degree of freedom ranging from symmetric nuclear matter to pure neutron matter. R.
Pak and Bao-An Li et al. suggested to extract the information of in-medium N-N cross section by studying the isospin dependences of collective flow and balance energy [6] [7] [8] [9] .
We also proposed that the information of in-medium N-N cross section can be extracted by studying isospin effects of multifragmentation in heavy ion collisions at some chosen beam energies [10] . Bao-An Li et al. [11] have found that the information of symmetry potential can be extracted by studying the ratio of preeqilibrium neutrons to protons in heavy ion collisions at relatively low beam energy (E ≤ 100MeV /u). However, most of investigations on the ratio of preequilibrium neutrons to protons in heavy ion collisions concentrated at the energies nearby the Fermi energy and made use of the isospin-dependent BUU model.
As is well known that the outcome of heavy ion collisions depends sensitively on entrance channel conditions. In this paper, we shall investigate systematically the entrance channel dependence of the isospin effect on preequilibrium nucleon emission in heavy ion collisions by using the isospin dependent quantum molecular dynamics [12] (IQMD) with momentum dependence interaction (MDI) and Pauli potential. The calculated results show that the ratio of the preequilibrium neutrons to protons depends strongly on the symmetry potential, the initial ratio of neutrons to protons of the colliding system, and the beam energy, but weakly on the isospin dependence of in-medium N-N cross section, the impact parameter, the Pauli potential, and the momentum dependent interaction in the energy region from 45 Mev/u to 150 MeV/u where the dynamics is dominated by N-N collisions. The ratio of preequilibrium neutron number to proton number for the neutron-rich colliding systems is larger than the initial value of the neutron-proton ratio of the colliding systems, but the ratio for neutron-deficient systems is less than the initial value.
Theoretical model and its parameters
In order to describe the isospin effects on the dynamical process of heavy ion collisions, quantum molecular dynamics (QMD) [13] should be modified properly: the density dependent mean field should contain the correct isospin-dependent terms, such as symmetry energy and Coulomb potential, the in-medium N-N cross section should be different for neutron-neutron ( proton-proton ) and neutron-proton collisions, and finally Pauli blocking should be counted by distinguishing neutrons and protons. In addition, in our calculations, Pauli potential and momentum dependent interaction (MDI) are also included in the interaction potential which contains Skyrme, Coulomb, Yukawa, symmetry, Pauli potential and MDI, their formula are as follows
U
Sky is the Skyrme potential
U coul is the Coulomb potential. The Yukawa potential acting on particle j is given by the expectation value of U Y uk interaction [13] 
where Φ is the error function. U M DI is the momentum dependent interaction
U P auli is the Pauli potential
δ p i p j = 1 for neutron-neutron or proton-proton 0 for neutron-proton which is used to describe Pauli blocking at the mean field level [14] . According to our experience, the mean field containing Pauli potential can describe the structure effect of fragmentation in the process of heavy ion collisions [15] . U sym is the symmetry potential
where C taking the values of 0 or 32MeV, is the strength of the symmetry potential. refer to Ref. [10] . The following empirical expression is used for the in-medium N-N cross section [16] 
N N is the experimental free N-N cross section from [17] .
The neutron-proton cross section is about 3 times larger than the proton-proton or neutron-neutron cross section below about 500MeV.
In order to check the IQMD code with the above parameters, the multiplicity of intermediate mass fragments N imf for the reactions 58 F e + 58 F e and 58 Ni + 58 Ni at the beam energy E = 75MeV/u has been calculated by using the IQMD code.
The intermediate mass fragments (IMFs) are defined as the fragments with charge numbers greater than 3 and less than 18. The calculated results are compared with the experimental data [18] in the same scaler in Fig. 2 
Results and Discussions
As is well known that the isospin effects on the reaction mechanism and the reaction products in heavy ion collisions depend sensitively on the entrance channel conditions, such as the neutron-proton ratio, the total mass of the colliding system, the beam energy, and the impact parameter. In this paper, the entrance channel dependence of preequilibrium nucleon emission for the two neutron-rich systems 76 Zn + 76 Zn ( for the three collision systems at E=100 MeV/u and b=1.0 fm in the case of ( U sym + σ Iso ). of preequilibrium neutron number and proton number in the middle window and right window in Fig. 5 ), one thus expects that a stronger symmetry potential leads to a larger ratio of neutrons to protons.
From the left window of Fig. 5 one can also see that
Nn Np
for the neutron-deficient colliding system 76 Kr + 76 Kr(solid line) is quite different from that for the neutron-rich colliding system. For instance, its ratio of preequilibrium neutron number to proton number is 1.06 being less than its initial value of ( Nt+Np Zt+Zp ) of 1.11. The mechanism about that can be explained as follows. On the one hand, the symmetry potential tends to make more neutrons than protons to be unbound; on the other hand, the Coulomb interaction tends to make more protons than neutrons to be unbound (see solid lines in the middle window and the right window of Fig. 5 ). The final result depends on the competition between the two factors. For the neutron-rich colliding systems, the effect of symmetry potential is stronger than that of Coulomb interaction, more neutrons will be emitted than protons and Nn Np will be larger than its initial value. On the contrary, for the neutron-defficient colliding systems, Coulomb effect is stronger than that of the symmetry potential, less neutrons will be emitted than protons and Nn Np will be less than its initial value. Nevertheless, for both neutron-rich and neutron-defficient colliding systems, the ratio of preequilibrium neutron number to proton number depends always strongly on the symmetry potential and weakly on the in-medium isospin dependent N-N cross section in the energy region from 45 MeV/u to 150 MeV/u. 
Conclusion
In summary, the entrance channel dependence of the isospin effect of the preequilibrium nucleon emission for the neutron-rich colliding systems and neutron-deficient colliding systems have been studied systematically by using IQMD in a wide region of beam energies. The calculated results show that the ratio of preequilibrium neutron number to proton number depends strongly on the symmetry potential, the neutron-proton ratio of the colliding system, and the beam energy, but weakly on the isospin dependence of the in-medium N-N cross section, in the energy region from 45MeV/u to 150 MeV/u.
The Pauli potential, the momentum dependent interaction, and the impact parameter also have a sizable effect on the preequilibium nucleon emission, but the effects of the three factors on neutron emission are nearly the same as on proton emission, so the preequilibrium neutron-proton ratio depends slightly on the impact parameter, MDI
and Pauli potential. The ratio of preequilibrium neutron number to proton number for the neutron-rich colliding system is larger than the initial value of the system, but that for the neutron-deficient colliding system is less than its initial value. The present investagation also supports the suggestion by Bao-An Li et al. using BUU calculations [1] that the ratio of preequilibrium neutron number to proton number in HIC can be used as a probe to extract the information on the symmetry potential.
However our investigation has extended the energy region of the applicability of this suggestion from the beam energy E < 100 MeV/u to relatively higher beam energy up to E = 150MeV/u.
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